Abstract Understanding how population sizes vary over time is a key aspect of ecological research. Unfortunately, our understanding of population dynamics has historically been based on an assumption that individuals are identical with homogenous life-history properties. This assumption is certainly false for most natural systems, raising the question of what role individual variation plays in the dynamics of populations. While there has been an increase of interest regarding the effects of within population variation on the dynamics of single populations, there has been little study of the effects of differences in within population variation on patterns observed across populations. We found that life-history differences (clutch size) among individuals explained the majority of the variation observed in the degree to which population sizes of eastern fence lizards Sceloporus undulatus fluctuated. This finding suggests that differences across populations cannot be understood without an examination of differences at the level of a system rather than at the level of the individual [Current Zoology 58 (2): 358362, 2012].
The study of population dynamics historically-and improperly-treated individuals as identical components of a larger dynamic system (Uchmanski, 1999; Vindenes et al., 2008) . In empirical studies logistical constraints often force this approach, as individual variation in survival and reproductive output can be difficult (or occasionally impossible) to incorporate into statistical models or cannot be detected with available sample sizes. When even possible, identifying this variation requires intensive collection of not only life-history traits at the individual level, but also considerable information about the phenotypes of individuals (Conner and White, 1999) . While there has been increasing attention regarding the effects of this variation within single populations (e.g. Steiner et al., 2010) , only recently have researchers begun to consider the effects of individual variation above the level of a single population or species (Bolnick et al., 2011) . Unfortunately, this focus on system dynamics rather than on the members of that system creates a situation opposite to the familiar admonishment of "not seeing the forest for the trees". By not addressing the details of the individual trees, the behavior of forests are not properly understood.
In overlooking individual variability we hamper our ability to completely understand the factors that drive population dynamics. The influence of individual variability on population dynamics and population vital rates is difficult to overstate. In some cases the presence of life-history variation doubles the persistence time of populations (Conner and White, 1999) and, in natural populations of water fowl, among-individual variation contributes to more than a threefold change in survival probability (Sedinger and Chelgren, 2007) . Similarly, considerable within population variation in survival probabilities has been observed in corvids (Fox et al., 2006) , lagomorphs (Rodel et al., 2004) , orthopterans (Ovadia and Schmitz, 2002) and in many other systems. More generally, individual variation in life-history characteristics dramatically influences the likelihood that a population will go extinct (Fox, 2005; Kendall and Fox, 2002; Kokko and Ebenhard, 1996; Saether et al., 2004) .
Although our general understanding of population dynamics is based on assumptions of an absence of individual variation, theoretical attention has been directed toward the affects of individual variation on population dynamics (e.g. Engen et al., 2009; Filin and Ovadia, 2007; Fox, 2005; Kendall and Fox, 2002; Lomnicki, 1988; Melbourne and Hastings, 2008; Saether et al., 2004; Uchmanski, 1999; Vindenes et al., 2008) . One particularly important aspect of population dynamics affected by individual variation is the degree to which population sizes fluctuate over time (Lomnicki, 1978) . The stability of population sizes is related to the probability of extinction (Inchausti and Halley, 2003; Pimm et al., 1988) and thus the factors contributing to greater stability are particularly important to understand. Unfortunately, despite single population observations and theoretical predictions, the contribution of variation among individuals to overall population dynamics has not been evaluated across multiple populations.
Here we examine the relationship between individual variability and population stability across multiple populations of eastern fence lizards Sceloporus undulatus. We specifically test whether individual variation in life-history traits can explain temporal variation in population sizes for S. undulatus. Since intra-population variation can be expected to reduce population size variability (Lomnicki, 1978) , we predict that population size variability would have a negative relationship with among-individual life-history variation.
Materials and Methods
We collected records of population sizes and variation in reproductive effort for S. undulatus in an intensive literature search. We found seven populations for which both population sizes and variation in clutch sizes were reported for multiple years (Supplementary material). Niewiarowski et al. (2004) found that clutch size was an appropriate proxy for reproductive effort in S. undulatus and clutch size has been found to be repeatable in other reptiles (Bronikowski and Arnold, 1999; Brown and Shine, 2007) . Thus we used the coefficient of variation of clutch sizes as a measure of variation in reproductive effort. We next calculated an index of population size variability (Heath's PV; Heath, 2006 ). Heath's PV is a robust non-parametric estimator of population size variability and is highly correlated with other measures of population size variability (Dochtermann and Peacock, 2010; Heath, 2006) . We then evaluated the quality of the dataset using Bonferroni's outlier test (Kutner et al., 2004) . Based on this test, one population (Mesa County; Colorado, USA; Supplementary material) was a statistical outlier relative to the other populations and was removed from subsequent analyses. Heath's PV and the coefficient of variation of clutch sizes were rank-transformed prior to analyses as both are constrained to fixed ranges [0 to 1]. Finally, we conducted a one-tailed linear regression of population size variability in relation to clutch size variation. Our use of a one-tailed test was based on two points: First, we were specifically interested in the explicit prediction that increased variation in a life-history trait leads to decreased population size variability. Second, given a lack of theoretical justification for relationship opposite of this we would interpret increased variation in a life-history trait being correlated to increased population size variability as equivalent to no relationship. Thus our usage follows current guidelines for the use of one-tailed tests (Ruxton and Neuhauser, 2010) .
Results
As predicted, there was a negative relationship between clutch size variation and population size variability in S. undulatus (Fig. 1) . Thus, there was a positive relationship between rank-transformed population size stabilities and intra-population variabilities in a lifehistory trait. Overall, 65% of the variation in ranks of population size variability was explained by life-history variation (P = 0.026). 
Discussion
Our results suggest that theoretical predictions proposing a link between population dynamics and individual variation (e.g. Lomnicki, 1978; Uchmanski, 1999) are supported in natural populations. However, it should be recognized that we were limited to single point estimates of within-population life-history variation for each population. Thus we do not know to what degree individual variation fluctuated across sampling periods, simply that populations with greater variability at a particular point during sampling exhibited reduced population size variability. Future research should address how temporal patterns in life-history variation correspond to temporal patterns in population abundances. Another related issue that deserves further research attention is how fluctuations in life-history traits relate to fluctuations in population size. Nonetheless, given the amount of variation explained, individual variation also appears to be a major contributor to the dynamics of populations. This result emphasizes the need to focus on amongindividual variation when attempting to fully understand the driving forces behind population dynamics. Elsewhere it has been demonstrated that maintaining genetic diversity is important in declining populations (Blomqvist et al., 2010) ; our results suggest that maintaining or promoting variation in life-history traits within populations-regardless of heritability-is likely also important to conservation efforts given its affects on population size variability.
While the mechanisms by which individual variability might buffer against population size fluctuations are not well understood, there are some clues available. For example, snowshoe hares Lepus americanus exhibit a well-known cycle where populations fluctuates between high and low densities (Sinclair et al., 2003) . Sinclair et al. (2003) conducted an intensive breeding program with snowshoe hares from one such population and identified distinct patterns of life-history variation associated with high and low densities. Specifically, individuals varied in their short reproductive outputs with individuals from high-density periods investing more in the short-term (Sinclair et al., 2003) . This finding is consistent with some theoretical arguments regarding population fluctuations (Chitty, 1967) and suggests one mechanism by which buffering may occur. Kendall and Fox (2002) formally distinguished demographic heterogeneity in survival from random variation (i.e. demographic stochasticity) and later expanded this demographic heterogenetity to include other non-random sources of variation in life-history parameters (Fox et al., 2006) . However, whether individual variation generally affects population dynamics has been difficult to determine outside of theoretical explorations. While morphological variation has been demonstrated to affect survival or reproductive rates (e.g. Filin and Ovadia, 2007; Ovadia and Schmitz, 2002; Wall and Begon, 1987) , tying individual variation in life-history traits to population dynamics has been more difficult. This difficulty arises, in part, from the fact that the data necessary to test relationships between population dynamics and individual variability are difficult to obtain: both multiple year population estimates and multiple year life-history parameter estimates are needed. For example, the six data points-i.e. six populations-used in this analysis represent 23 field seasons of data collection. Thus, most research examining individual variation and population dynamics have been constrained to single population studies. Few publications provide both population and life-history estimates, making broad taxonomic conclusions difficult to draw. Nonetheless, while there has been an increase in the attention directed toward individual variation at the intra-population level (Engen et al., 2009; Steiner er al., 2010; Tuljapurkar and Steiner, 2010; Vindenes et al., 2008) , our results suggest that across population differences in the degree of individual variation present within populations must be incorporated into general conclusions about population dynamics.
